We have been studying micro-luminescence of various exfoliated MoS2 akes using a confocal microscope.
Introduction
Layered transition metal dichalcogenides MX 2 (where M = transition metal, X = S, Se) in two-dimensional structure reveal unique physical and optical properties.
A typical example of this type of compounds is molybdenum disulde (MoS 2 ), a naturally occurring mineral, whose structure is characterized by strong ion-covalent bonds between atom layers of sulfur and molybdenum and by weak van der Waals bonds between SMoS layers [1] . Molybdenum disulde is a well-known semiconductor, that in its two-dimensional form has interesting properties, such as, for example, a direct energy band gap of 1.87 eV (while the bulk is an indirect-gap semiconductor with a band gap of about 1.3 eV). Potential application of MoS 2 reaches the elds from electronics to energy storage [2] , photovoltaic [3] and photocatalytic applications [4] . Several applications of monolayer MoS 2 have recently been proposed in logical circuits [5] , eld eect transistors [6] and optoelectronics [7] . One of methods of MoS 2 single-layer crystal preparation is mechanical exfoliation [8] from molybdenite which is based on delamination of the material volume with an adhesive dicing tape. However, exfoliated samples contain akes of dierent size and thickness. In order to estimate the crystals' thicknesses the method of optical contrast measurements was proposed by Castellanos-Gomez et al. [9] .
In this paper we compare this approach with the Raman spectroscopy measurements. We show a method to estimate the thickness of investigated sample by optical contrast in a quick and convenient way. . We used micro-Raman spectroscopy to get information about the thickness of our MoS 2 akes (Fig. 1b) . The Raman spectrum was recorded with excitation spots of 3 µm size. Afterwards the sample was placed in a confocal microscope, the same piece of crystal (previously measured by the Raman spectroscopy) was found and the reectivity map was recorded (inset in Fig. 1b ).
Experiment

Discussion
The reectivity of MoS 2 akes taken with CFM was compared with results of the Raman spectroscopy (Fig. 1b) . The correlation between the number of monolayers and the intensity of reected light can be used for a preliminary determination of the thickness of exfoliated akes [9] . The energy dierence between E 1 2g and A 1g
is directly proportional to a thickness of measured layer.
From the intensity of reected light the relative reectivity R R was calculated as: R R = [9] . In the cited paper the authors used d = 0.54 nm, thus estimated n = 7 for 532 nm. In our case, the value for d = 0.54 nm would give n = 7.3. However, if we use estimated in paper [9] imaginary value of complex index of refraction κ = 1.7 we did not obtain a reasonable t to our data. This discrepancy needs to be addressed in future work with measurement performed at dierent wavelengths. Nevertheless, optical contrast gives possibility to estimate the thickness of MoS 2 with the precision of one monolayer (see Fig. 1b ).
Conclusions
The comparison between the Raman spectroscopy and reectivity measurements allows for estimation of MoS 2 thickness with the precision of one monolayer. From the transfer matrix calculations t to our experimental data we estimated the index of refraction of single MoS 2 layers of n = 6.1 ± 0.3 for the single-layer thickness of d = 6.5
at the wavelength 523 nm.
